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The influence of volume expansion on renal function after
relief of chronic unilateral ureteral obstruction
DOUGLAS R. WILSON
Department of Medicine, University of Toronto, Toronto, Canada
The influence of volume expansion on renal function after relief
of unilateral chronic ureteral obstruction. Postobstructive diuresis
was not observed after the relief of chronic partial ureteral
obstruction in hydropenic rats with an intact contralateral
kidney. However, when such animals were volume-expanded
with hypotonic saline solution after relief of obstruction, urine
flow from the hydronephrotic kidney was double that of the
contralateral kidney, while urine osmolality was lower and
fractional sodium excretion and free water clearance were
higher from the postobstructive kidney. These differences were
partly related to blunted diuresis from the contralateral normal
kidney. Micropuncture measurements during volume expansion
in normal and hydronephrotic kidneys showed no significant
differences in surface nephron glomerular filtration rate (GFR)
or proximal reabsorption, but there was a significant decrease in
fractional water reabsorption in the distal nephron of hydrone-
phrotic kidneys. Surface nephron GFR was increased in com-
parison to whole kidney GFR in both normal and hydrone-
phrotic kidneys during volume expansion, suggesting that a
change in distribution of nephron filtration rates was not re-
sponsible for the greater diuresis from the postobstructive
kidney. Volume expansion could be an important factor in
postobstructive diuresis by exaggerating a defect in water
reabsorption in the distal nephron and/or in the deep nephrons
or collecting ducts of the hydronephrotic kidney.
Influence de l'expansion extracellulaire sur Ia fonction rénale
après Ia levee d'une obstruction unilatérale chronique. La diurèsc
post obstructive n'a pas été observée après Ia levee d'une
occlusion urCtérale partielle chex des rats hydropéniques dont le
rein controlatéral est intact. Cependant, quand ces animaux
reçoivcnt du solute sale hypotonique après Ia levee de l'obstruc-
tion, Ic debit urinaire du rein hydronéphrotique est Ic double de
celui du rein controlatéraf alors que l'osmolalité urinaire est
inférieure et l'excrétion fractionnelle du sodium et Ia clearance de
l'eau libre sont supérieures du côtC hydronCphrotique. Ces
differences sont en partie liées a Ia diurèse atténuée du rein
normal controlatéral. Les determinations dans des échantitlons
de microponction obtenus pendant l'expansion extracellulaire
dans les reins normaux et hydronéphrotiques ne montrent pas
de difference significative en cc qui concerne le debit de filtra-
tion glomérulaire des néphrons superficiels et leur reabsorption
proximale. Par contre une diminution significative de Ia
reabsorption fractionnelle d'eau est observée dans les tubes
distaux des reins hydronephrotiques. Le debit de filtration
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glomerulaire des nephrons superficiels est augmenté par rapport
au debit de filtration du rein entier aussi bien dans les reins
normaux qu'hydronéphrotiques, cc qui suggère qu'une modifi-
cation de Ia distribution des debits de filtration ne peut pas
étre Ia cause de Ia plus grande diurCse observée dans Ic rein
ayant subi l'occlusion. L'expansion pourrait être un facteur
important dans Ia diurése post obstructive en exagérant un
deficit de Ia reabsorption de l'eau par le tube distal et/ou les
néphrons profonds et les canaux collecteurs de rein hydroné-
phrotique.
Postobstructive diuresis occurs in man after the
relief of complete obstruction or severe partial obstruc-
tion of both kidneys. Extracellular fluid volume expan-
sion is a common clinical feature of such patients as
indicated by the finding of edema prior to relief of
obstruction in five of eight patients with postobstruc-
tive diuresis [1—3], and by the observation that an
increase in total body sodium was present in patients
with chronic urinary tract obstruction even in the
absence of edema [4}. Thus, volume expansion could
be an important factor predisposing to the develop-
ment of postobstructive diuresis, in addition to the
osmotic effect of retained urea and the intrinsic defect
in renal tubular reabsorption [1—4]. Recent studies
after the relief of acute (24 hr) complete obstruction in
the rat [5—7] suggest that volume expansion is not
essential for the development of postobstructive
diuresis in this situation, but these findings do not
preclude an important contribution of volume expan-
sion to postobstructive diuresis under other circum-
stances. The present experiments were carried out to
define the possible role of volume expansion in post-
obstructive diuresis after relief of chronic obstruction,
using rats with unilateral obstruction in order to
compare the response of the normal and hydro-
nephrotic kidney to volume expansion in a nonuremic
environment.
Previous studies have shown that postobstructive
diuresis did not occur after the relief of chronic
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partial ureteral obstruction in hydropenic rats with an
intact contralateral kidney although there was evi-
dence of decreased concentrating capacity in the
hydronephrotic kidney [8]. These results suggested
that other factors must be superimposed on the
intrinsic renal defect in order to elicit a postobstructive
diuresis. In the present experiments, following hypo-
tonic volume expansion in similar rats with unilateral
hydronephrosis, there was a much greater diuresis
from the postobstructive kidney, as well as decreased
urine osmolality and increased fractional sodium
excretion. Changes in surface nephron GFR or
proximal tubular reabsorption could not account for
these differences between hydronephrotic and normal
kidneys under conditions of volume expansion. De-
creased fractional water reabsorption in the distal
nephron and in the deep nephrons or collecting ducts
appeared to be the major factors responsible for
postobstructive diuresis occurring in volume-expanded
rats.
Methods
Studies were performed on male Wistar rats
weighing 225 to 350 g. Unilateral partial ureteral
obstruction was produced by loosely tying a silk
ligature around the upper left ureter just below the
ureteropelvic junction while animals were lightly
anesthetized with sodium pentobarbitol. Control
animals were subjected to sham operation. Two to
four weeks later, micropuncture and clearance
experiments were carried out in three groups of animals
which had been subjected to hypotonic volume
expansion: 1) group A, left kidney hydronephrotic,
with the catheter above the level of the ureteral
obstruction on the left side (12 animals); 2) group B,
sham-operated control rats (12 animals); and 3)
group C, right kidney hydronephrotic, with a catheter
placed above the obstruction on the right side and the
normal left kidney being studied by micropuncture (6
animals).
As in the previous experiments [8], approximately
one-third of the rats with partial ureteral ligation
could not be used because they developed marked
hydronephrosis with severe cortical atrophy or be-
cause there was no obvious ureteral dilatation above
the ligature. For micropuncture experiments, rats
were anesthetized by i.p. injection of mactin (80
mg/kg) and placed on a thermostatically-controlled
heated table with rectal temperature maintained at 37
to 38°C. Tracheostomy was carried out and blood
pressure in the carotid artery was monitored by a
mercury manometer. Mean blood pressure in the
three groups was as follows: group A, 112 2 mm Hg,
(± 1sEM); group B, 107±4mm Hg; and group C,
110 4 mm Hg; blood pressure did not change
significantly during the experiment. Both ureters were
catheterized to the level of the ureteropelvic junction
with PE 50 tubing through a transabdominal incision,
and the left kidney was placed in a plastic (Lucite)
dish with the capsule intact and bathed with warm
mineral oil at 37°C. In each case the catheter was
placed above the level of the obstruction at the
beginning of the experiment. Hypotonic volume expan-
sion was begun immediately after placement of the
catheters and the animals received 0.45% NaCI
solution over the next 2 hr in an amount equal to l0%
of their body weight. At this time 3H-inulin was given
in a priming dose of 100 Ci (in 0.5 ml of isotonic
saline solution) and the sustaining infusion was
continued at the rate of 18 ml/hr, giving 100 iCi of
3H-inulin/hr. Clearance periods and micropuncture
sampling were begun after a 30- to 45-mm equilibra-
tion period. Hematocrit values were similar in all three
groups at the beginning of the experiment and de-
creased by 6.8°/ 1.8, 7.8% 1.5 and 3.8°/ 1.0 in
groups A, B and C, respectively, after volume expan-
sion—changes which were not significantly different
from each other.
Micropuncture methods were similar to those
described previously for the measurement of proximal
intratubular pressure, transit time to the distal portion
of the proximal tubule and timed collection of tubular
fluid from the end-proximal tubule [8]. Transit time to
the distal tubule was measured as the time taken for
the dye to reach the early segments minus the proximal
transit time; timed tubule fluid samples were also
collected from distal tubules on the surface of the
kidney. The approximate location of the collection
site in the distal nephron was judged by the timing of
the appearance of lissamine green; the first segments
to appear were assumed to be early distal tubules, the
second group to appear were considered mid-distal,
and the last ones, late distal. Almost all collections
were made from the first or second distal segments in
which lissamine green appeared. Retrograde contamin-
ation of the collections was avoided by using a long oil
block of 4 to 6 tubule diameters in length. Blood
samples (0.1 ml) were obtained from the cut end of the
tail at the beginning and end of each clearance period
and with each tubular fluid collection. The volume
of tubule fluid samples was measured in a constant-
bore capillary tube previously calibrated with 3H-
inulin and containing a 7:3 mixture of chloroform and
liquid silicon to minimize meniscus error. Urine
volume was determined by weighing. Radioactivity in
tubule fluid, plasma and urine was measured by adding
samples to toluene-based scintillation fluid containing
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Table 1. Clearance results during
GFRa
mi/mm/kg
Urine flow(V) V/GFRx 100
ui/mm/kg %
UNOY
pEq/min/kg
R L L—R R L L—R R L L—R R L L—R
4.63 2.86 — 1.77"
Group A: left kidney hydronephrotic (N= 12)
54 117 63b 1.25 4.02 2•77b 2.94 2.38 —0.55
3.62 3.50 —0.12
Group B: sham-operated controls (N= 12)
116 104 —11.3 3.99 3.75 —0.24 2.40 2.02 —0.37
2.97
A:B NS
A:C NS
B:C NS
3.70
NS
NS
NS
R—L
<0.01
NS
<0.05
Group C: right kidney hydronephrotic (N 6)
R—L
199 132 67' 7.81 3.90
<0.05 NS <0.01 <0.05 NS
<0.05 NS NS <0.05 NS
NS NS <0.01 NS NS
R—L
39Qe
<0.01
NS
<0.01
2.80
NS
NS
NS
2.03
NS
NS
NS
R—L
0.77
NS
NS
<0.05
GFR=glomerular filtration rate, V/GFRX 100=urine flow as percent of GFR, UN0V=sodium excretion rate, % FENa=fractional
sodium excretion, Uosmurine osmolality, Cosm/GFR solute clearance as percent of GFR, C1120/GFRfree water clearance as per-
cent of GFR. R=right kidney, L=left kidney. For group C, the differences (L—R) were calculated as R—L (experimental—control)
and the right hydronephrotic kidney was compared with the left kidney of groups A and B while the left control kidney was com-
pared with the right (control) kidney of groups A and B. Results are
P<0.01, significance of difference between the two kidneys.
'P<0.05.
d The presence of free water clearance with mean tj,,,, >plasma osmolality (P0,,) in groups B and C was due to several high values for
1.J,m in each group. Po,m was 294± 5, 290± 5 and 287± 6 mOsm/kg of H20 in groups A, B and C, respectively.
solubilizer and butyl PBD and PBBO (Beckman Bio-
Solv BBS-3 and fluoralloy TLA) and counting in a
liquid scintillation counter (Packard) using 3H stan-
dards to correct for counting efficiency. No correction
was made for plasma water content. Plasma and
urinary sodium were measured with a flame photom-
eter (Instrumentation Laboratories) and plasma and
urine osmolality with a nanoliter osmometer (Clifton
Technical Physics). Photographs of the gross appear-
ance of the kidney were taken and histologic sections
stained with hematoxylin-eosin were prepared from
paraffin-embedded tissue. Single nephron GFR and
the absolute rate of tubular fluid reabsorption were
calculated in the usual manner. Clearance results were
analyzed as the mean of two to four clearance periods
and the micropuncture results were analyzed by
obtaining a mean value for each index in each rat.
Results
The gross and microscopic histological appearance
of the chronically obstructed kidneys used in the
present experiments was similar to that of kidneys
which has been described and illustrated previously in
hydropenic postobstructive rats [8].
Glomerular filtration rate, solute and water excretion.
The urine flow rate from the hydronephrotic kidney
Sham-operated control group
0 Postobstructive diuretic group5
4
3
2
,
-
0
'0
0U
0,
0.8
0.6
0.4
P value <0.01 <0.01 <0.01 NS <0.01 <0.01 NS <0.01
Fig. 1. Comparison of the ratio of experimental/control kidney
in postobstructive diuretic group (group A, left kidney hydrone-
phrotic) and sham-operated control group (group B) during
hvpotonic volume expansion (mean SEM). C1120/GFR x 100 is
plotted as the difference of experimental-control rather than the
ratio because of the presence of positive and negative results in
group A (Table 1). The values represent the mean of the ratios in
individual animals and, thus, differ from the ratios calculated
from the group means (Table 1).
GFR Urine V/GFR UN0V %FENu U,,0, C,,0, C0
how /GFR IcIER
hypotonic volume expansion
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% FENa Uoom Coom/GFR X 1
mOsm/kgofHaO %
00 CH2oIG1. x 1
%
OO
R L L—R R L L—R R L L—R R L L—R
0.45
+0.12
0.62
+0.14
0.17
+0.09
Group A: left kidney hydronephrotic (N= 12)
799 269 2.28 2.76
+116 +35 +98 +0.18 +0.25
0.47'
+0.21
—1.04
+0.27
1.19
+0.58
2,23l
+0,45
0.64
+0.20
0.54
+0.17
—0.10
+0.06
Group B: sham-operated controls (N=12)
365 381 15 2.66 2.41
+85 +91 +11 +0.34 +0.28
—0.25
+0.15
1.08
+0.43
1.07
+0.43
—0.01
+0.08
0.73
A:B NS
A:C NS
B:C NS
0.40
NS
NS
NS
R—L
0.32'
<0.05
NS
<0.01
Group C: right kidney hydronephrotic (N=6)
R—L
302 509 —206' 2.70 2.27
<0.05 NS <0.01 NS NS
NS NS <0.05 NS NS
NS NS <0.01 NS NS
R—L
0,42z
<0.05
NS
<0.05
4.98
<0.05
<0.01
NS
1.59
NS
<0.05
NS
R—L
3.39
<0.01
NS
<0.01
following volume expansion (group A) was more than
double that of the contralateral normal kidney, in
striking contrast to the results previously reported in
hydropenic animals following relief of chronic obstruc-
tion [8] and in contrast to the results obtained in sham-
operated volume-expanded animals (group B, Table I
and Fig. 1). Glomerular filtration rate in the post-
obstructive kidney was 62% of the contralateral con-
trol kidney. The sodium excretion rate from the two
kidneys was similar but fractional sodium excretion
was higher from the obstructed kidney, when com-
pared to the sham-operated control group. Urine
osmolality was significantly lower on the obstructed
side while osmolar clearance (COSThIGFR) was slightly
higher. Free water clearance (CH20/GFR) was con-
siderably higher on the obstructed side and, in fact,
the contralateral normal kidney demonstrated persis-
tent free water reabsorption (T°Ho) while the hydrone-
phrotic kidney was excreting free water (Table I and
Fig. 2A). This difference between the two kidneys was
not due to consistent differences in solute excretion
rate (COSm/GFR) as shown in Fig. 2A. The increase in
free water clearance in the hydronephrotic kidney was
associated with an increase in urine flow rate (V/GFR,
Fig. 2B) and under conditions of hypotonic volume
expansion the urine flow rate has been used as an index
of delivery of fluid from the proximal tubule to the
distal nephron segment [9]. However, the micropunc-
ture data do not support this explanation for the
increased free water clearance (CH2O/GFR) in post-
obstructive diuresis (see following).
In comparing the results in rats with left hydro-
nephrosis (group A) with those obtained in sham-
operated volume-expanded animals (group B), it may
be seen that no similar changes occurred in the latter
group and that the sham-operated left kidney, when
compared to its contralateral normal kidney, tended
to show the opposite responses to the hydronephrotic
left kidney (Table 1 and Fig. 1). However, the dif-
ferences between the hydronephrotic left kidney and
its contralateral normal kidney were partly due to
differences in the response to volume expansion of the
normal right kidney as well as the hydronephrotic
kidney. When the left hydronephrotic kidney was
compared to the left kidney of the control animals,
there were no significant differences in solute and water
excretion, while when the normal right kidneys in the
two groups of rats were compared, there were signifi-
cant differences in urine flow, urine osmolality and
free water clearance (Table 1). Free water reabsorption
(mean TCH2O!GFR of 1.04±0.27) was regularly
observed in the right kidney of the postobstructive
groups while free water clearance (mean CH2O/GFR of
1.08±0.43) was usually found in the normal right
kidney of the sham-operated group. The explanation
for this difference is obscure, although it could be related
Fig. 2. Comparison of solute and wafer
excretion by the normal (right) kidney and
the hyponephrotic (left) kidney (group A)
during hypotonic volume expansion. A,
Free water excretion (C1120/GFR) was
always higher from the hydronephrotic
kidney and this difference was not con-
sistently related to an increased osmolar
clearance (Co,m/GFR). B, Urine flow
rate (V/GFR) was always less from the
control kidney, while the increased flow
from the hydronephrotic kidney was
associated with an increased free water
C08mIGFR B V/GFR clearance.
to greater diuresis from the hydronephronic kidney
resulting in enhanced reabsorption on the contra-
lateral side. Plasma osmolality was not significantly
different in groups A and B, being 290 5 and 294 5
mOsm/kg of H20, respectively. Thus, the changes seen
during postobstructive diuresis were the result of an
altered balance of salt and water excretion between the
two kidneys rather than being entirely due to changes
in function of the hydronephrotic kidney. In order to
further examine this altered balance, another series of
animals (group C) was studied in which the right
kidney was hydronephrotic and the left normal kidney
was subjected to clearance and micropuncture measure-
ments. As may be seen in Table 1, the direction of the
differences between the kidney under these circum-
stances was similar to that observed with the left
kidney hydronephrotic, indicating that the technical
procedures, such as placing the kidney in the Lucite
holder, were not responsible for the altered balance
of excretion between the two kidneys.
Surface nephron GFR and tubular function. Surface
nephron function was similar in the left kidney of
volume-expanded control rats and in the left hydro-
nephrotic kidney undergoing postobstructive diuresis
(Table 2). There were no significant differences in
transit time to the end of the proximal tubule, proximal
intratubular pressure, nephron filtration rate, frac-
tional or absolute reabsorption rate or flow rate at the
end of the proximal tubule. In the distal nephron,
transit time through the loop of Henle was similar in
the two groups, but there was a variable increase in
flow rate in the early to mid-distal tubule and a
significant decrease in fractional water reabsorption at
this point in the hydronephrotic kidney (P<0.02).
Absolute reabsorption rate and nephron GFR deter-
mined in the distal nephron were similar in the two
groups. When the normal left kidney of rats with right
hydronephrosis (group C) was studied, there were no
differences from the left kidney of control animals,
while comparison with hydronephrotic left kidney
suggested a decrease in fractional water reabsorption
in the distal nephron, although the difference was not
statistically significant, perhaps due to the smaller
number of samples. The results indicate that the
disproportionate diuresis from the hydronephrotic
kidney occurred when delivery of fluid from the
proximal tubule to the distal nephron was siniilar to
that of volume-expanded control kidneys and that the
diuresis was associated with decreased fractional
reabsorption in the distal nephron of hydronephrotic
kidneys.
Comparison of surface nephron and whole kidney
function. Using the value of 30,000 nephrons per
kidney [10], it was possible to compare the relationship
between surface nephron and whole kidney GFR. In
volume-expanded sham-operated animals, the values
calculated for whole kidney GFR from surface
nephron GFR (x 30,000) were significantly above the
line of identity in eight of 12 animals when compared
with measured whole kidney GFR (Fig. 3). The ratio
of surface nephron GFR (calculated whole kidney
GFR) to measured whole kidney GFR in volume-
expanded normal rats was 1.46 0.11 compared with
previous data in hydropenic control rats [8}, in which
the ratio was 1.07 (P<0.0l). Thus, there was a
significant disproportionate increase in surface nephron
GFR relative to the whole kidney GFR after volume
expansion. Other investigators have noted a similar
redistribution of nephron filtration rates under con-
ditions of volume expansion in the rat [11, 12].
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Table 2. Micropuncture results, left kidney
TF/P1= tubular fluid/plasma inulin concentration ratio, SNGFR= single nephron glomerular filtration rate, Abs
reabsorption =absolute reabsorption rate.
4.0 5.0
Whole kidney GFR, mi/mm/kg of body wt
In the hydronephrotic kidney undergoing post-
obstructive diuresis due to volume expansion, there
were five of 11 animals in whom surface nephron GFR
was significantly above the line of identity when com-
pared with whole kidney GFR (Fig. 3), and the mean
ratio of the GFR calculated from surface nephron
GFR to measured whole kidney GFR was 1.40± 0.14.
The occurrence of the same relative increase in surface
nephron GFR in both normal and hydronephrotic
kidneys under conditions of volume expansion suggests
that a change in the distribution of filtration rates
between deep and superficial nephrons was not the
explanation for the more marked diuresis from the
hydronephrotic kidney. Moreover, the previous study
in hydropenic postobstructive rats indicated that a
relative increase in surface nephron GFR was also
often present in these animals, with the mean ratio of
GFR calculated from surface nephrons to measured
whole kidney GFR being 2.05±0.61, a value not
significantly different from the ratio of 1.40±0.14
observed in volume-expanded hydronephrotic rats.
The micropuncture results in volume-expanded
hydronephrotic kidneys indicate that there was a
decrease in fractional water reabsorption in the loop
of Henle, and probably in the distal nephron, which
Group A,
left kidney
hydronephrotic
Group B,
sham-operated
control
Group C, P value
right kidney
hydronephrotic A:B A:C B:C
Proximal
Nephrons/rats
Transit time,
sec
Intratubular pressure,
cm of 1120
Flow rate,
n//mi,,
TF/P'
SNGFR,
ni/mm
Abs reabsorption,
ni/mm
Distal
NephronsJrats
Transit time,
sec
Flow rate,
ni/mm
TF/P.
SNGFR,
ni/mm
Abs reabsorption,
ni/mm
(52/12) (47/12) (21/6)
10.3 tO.7 10.1 NS NS NS
15.7 18.4 14.6 NS NS NS
22.8 22.6 20.6 NS NS NS
1.80 2.07 1.80 NS NS NS
37.2 43.9 35.4 NS NS NS
15.8 21.1 14.9 NS NS NS
(18/8) (23/5) (19/6)
43.3 45.7 40.2 NS NS NS
15.6 7.9 6.9 NS NS NS
3.75 5.72 4.67 <0.02 NS NS
0.49 0.36 0.37
46.0 41.0 37.4 NS NS NS
32.0 33.2 28.5 NS NS NS
0
Sham operated control group
Post-obstructive diuretic group
1.0 2.0 3.0
Fig. 3. Comparison between measured whole kidney GFR and
calculated GFR from single nephron GFR (SNGFR) x 30,000
during hypotonic volume expansion. In both postobstructive
diuretic and control groups (A and B), there was a dispropor-
tionate increase in surface nephron GFR.
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could result in increased delivery of fluid to the
collecting ducts. The presence of free water clearance
from the hydronephrotic kidney, at a time when free
water reabsorption was occurring in the contralatera!
normal kidney, was not due to increased sodium
supply from the proximal tubule of surface nephrons
but may have been due to a decrease in water perme-
ability in the distal nephron or collecting duct, or,
alternatively, to a decrease in reabsorption in the
proximal tubule of nephrons deep to the kidney
surface. Similarly, the increased urine flow rate (V/
GFR) cannot be explained by increased delivery from
the proximal nephron and was probably due to changes
in distal nephron or medullary function.
Discussion
The development of postobstructive diuresis after
the relief of chronic obstruction is markedly influenced
by the state of hydration of the animal. When chronic
unilateral obstruction was relieved in hydropenic
animals, the urine flow rate and sodium excretion
rate were usually lower from the hydronephrotic
kidney when compared to the contralateral normal
kidney, despite the presence of a decreased urinary
concentrating capacity (Fig. 5 of [8]). However, when
hypotonic volume expansion was introduced at the
time of relief of obstruction, the urine flow rate from
the hydronephrotic kidney was double that of the
contralateral normal kidney, and sodium excretion
rates were equal. Comparison of the function of the
hydronephrotic kidney in volume-expanded rats with
that of previously studied hydropenic rats is shown in
Table 3. Glomerular filtration rate in the hydro-
nephrotic kidney was considerably higher in the
volume-expanded rats and urine flow rate and sodium
excretion rate were also markedly increased. Surface
nephron GFR was increased although the change was
not statistically significant, while fractional reabsorp-
tion in the proximal tubule decreased and the end-
proximal tubular fluid flow rate was considerably
greater in the hydronephrotic kidneys of volume-
expanded rats. Thus, the postobstructive diuresis
observed in volume-expanded hydronephrotic animals,
when compared to hydropenic rats, was associated
with a significant increase in the delivery of fluid to the
distal nephron. However, in order to further clarify
the phenomenon of disproportionate diuresis from the
postobstructive kidney when compared to the contra-
lateral normal kidney, it was necessary to study
volume-expanded normal animals.
Suki et al [13] have carried out clearance experiments
in dogs with chronic hydronephrosis tinder conditions
of water diuresis and hypotonic volume expansion.
These authors concluded that a combination of
reduced nephron mass with overperfusion of residual
nephrons could best explain the functional pattern
observed, although reduced back diffusion of free
water in the distal nephron probably also contributed
to the increased free water clearance (CH2O/GFR). The
results of the present experiments indicate that the
higher urine flow rate, decreased urine osmolality and
increased free water clearance from the obstructed
kidney after hypotonic volume expansion were not
associated with increased GFR per functioning neph-
ron or diminished reabsorption in the proximal
tubule when compared to volume-expanded control
rats. Redistribution of filtration rate from deep to
superficial nephrons was probably not responsible for
the greater diuresis from the chronically obstructed
kidney since an increase in filtration rate of surface
nephrons compared to the whole kidney filtration rate
was observed in both normal and hydronephrotic
kidneys under conditions of hypotonic volume
expansion (Fig. 3). When a series of animals with
right hydronephrosis undergoing diuresis due to
volume expansion (group C) was studied, the dif-
ferences in whole kidney function between the normal
Table 3. Comparison of renal function in hydropenic and volume-expanded postobstructive rats
Hydropenic rats's(N=8)
Volume-expanded rats
(N=12)
J
Clearance results
GFR, mi/mm/kg of body wt 1.44± 0.47 2.86±0.23 <0.01
Urine flow, .d/min/kg of body wt 8.9±1.5 117±28 <0.01
Sodium excretion, Eq/mmn/kg of body wt 0.44± 0.06 2.38±0.57 <0.01
Micropuncture results
Nephron GFR, nI/mm 26.3 37.2±4.2 NS
Proximal tubule flow rate, ni/mm 13.3±0.18 22.7±2.6 <0.01
Proximal fractional reabsorption, TF/P 2.21 1.80± 0.08 <0.05
Data in hydropenic rats was published previously 181.
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left kidney and the hydronephrotic right kidney were
again observed, while the surface nephron function
was similar to that of the sham-operated controls.
Taken together the results indicate that the major
difference in the response to volume expansion be-
tween the hydronephrotic and normal kidney lies in
the function of the loop of 1-lenle, distal nephron or
collecting ducts. Alternatively, it is possible that salt
and water reabsorption in the proximal tubule of deep
nephrons could be impaired in the hydronephrotic
kidney. Some support for the latter hypothesis may be
derived from the fact that, while whole kidney GFR in
the hydronephrotic kidney doubled after volume
expansion, there was an insignificant increase in
surface nephron GFR (Table 3), suggesting a relative
increase in deep nephron GFR which, in the presence
of decreased tubular reabsorption, could contribute to
the postobstructive diuresis.
Disproportionate inhibition of salt and water
reabsorption in the unilaterally diseased kidney of dog
and man under conditions of acute saline loading has
been described by Gutmann and Rieselbach [14].
These authors also noted a disproportionate response
to furosemide administration in the diseased kidney
[15] and concluded that the intrarenal environment of
the kidney with reduced nephron mass must contri-
bute to the increased natriuretic response to saline
loading which occurred in the absence of uremia.
Glomerular filtration rate in the unilaterally diseased
kidneys in these experiments was approximately l0
of normal. Wen et al [16], using a similar experi-
mental model of reduced nephron mass in the dog,
demonstrated that the graded changes in sodium
excretion which occurred with volume expansion were
principally related to inhibition of tubular reabsorp-
tion in the distal nephron.
The site of nephron loss, whether mainly in the
renal medulla or in the cortex, may be another factor
in addition to glomerular filtration and tubular re-
absorption which influence sodium and water excre-
tion by the moderately damaged kidney. Unilateral
papillectomy, which was associated with a GFR 6O
of normal, resulted in a decrease of salt and water
reabsorption that was greater than the defect pro-
duced by partial nephrectomy in which there was a
similar reduction in GFR but the papilla remained
intact [17]. The differences between these two types of
renal damage were most apparent in the hydropenic
rat but a clear difference in water reabsorption was
also observed after an acute saline load. From this
study it was concluded that the state of hydration of
the animal was critical in determining the influence of
the site or renal damage on sodium and water excretion.
Similar conclusions may be drawn from the studies of
chronic obstructive nephropathy in hydropenic rats
and in rats expanded with hypotonic saline solution.
In hydropenia a defect in concentrating ability which
was attributable to abnormal function of the distal
nephron or renal medulla or both was found but there
was no postobstructive diuresis, while under con-
ditions of hypotonic volume expansion with GFR
being approximately 60% of normal, there was a
disproportionate diuresis from the hydronephrotic
kidney. It was concluded that volume expansion,
when present, could be a significant contributing
factor to the phenomen of postobstructive diuresis and
that hypotonic volume expansion exerts its effect by
exaggerating a reabsorptive defect in the distal nephron
and/or the deep nephrons or collecting ducts.
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